Introduction {#ss1}
============

The 9‐year interim report of the Japan Diabetes Complications Study, which investigated risk factors for complications in Japanese individuals with type 2 diabetes, revealed that high levels of low‐density lipoprotein cholesterol (LDL‐C) were the most significant risk factor for coronary heart disease[^1^](#b1){ref-type="ref"}. That study showed that strict blood glucose control in addition to aggressive lipid control was important in the care of Japanese patients with type 2 diabetes.

The recent introduction of ezetimibe into clinical use, together with a growing body of evidence relating cholesterol absorption to the risk of cardiovascular events[^2^](#b2){ref-type="ref"}, has raised awareness of the importance of controlling cholesterol absorption for the prevention of cardiovascular events. Some investigators have reported an increase in intestinal cholesterol absorption in individuals with type 2 diabetes[^3^](#b3){ref-type="ref"}. Therefore, it is possible that ezetimibe, which, as an inhibitor of cholesterol transporters in the small intestine, selectively inhibits cholesterol absorption, may be effective for lipid control in type 2 diabetes. In terms of the effects of ezetimibe on steatosis and insulin sensitivity in the liver, recent studies have shown that ezetimibe has the potential to improve not only lipid metabolism, but also glucose metabolism by inhibiting the accumulation of lipids in the liver[^4--7^](#b4 b5 b6 b7){ref-type="ref"}. However, no studies have investigated the clinical effects of ezetimibe on the relationship between glucose metabolism and liver function in individuals with type 2 diabetes.

Therefore, in the present study, we compared HbA1c levels after 3 months ezetimibe treatment with baseline levels in patients with type 2 diabetes and examined the factors associated with reductions in HbA1c following ezetimibe administration. Consequently, we found that ezetimibe improved HbA1c in patients with type 2 diabetes and liver dysfunction, and that serum alanine aminotransferase (ALT) levels and the aspartate aminotransferase (AST)/ALT ratio at baseline are useful predictors for improvements in HbA1c.

Materials and Methods {#ss2}
=====================

Subjects and Study Design {#ss3}
-------------------------

The study included 96 individuals with type 2 diabetes and hypercholesterolemia (57 men and 39 women) who visited our medical institutions as outpatients. Patients were excluded from the study if: they were using a new antidiabetic agent or a new antihypertensive agent, or had changed doses and/or the types of agents used, between 2 months prior to the study and the end of the study; their current or past alcohol intake was \>20 g/day; or they had serological evidence of viral hepatitis, hemochromatosis, autoimmune liver disease, or non‐alcoholic steatohepatitis (NASH). The diagnosis of NASH was based on the following criteria[^8,9^](#b8 b9){ref-type="ref"}: (i) an intake of \<20 g/day ethanol; (ii) biopsy‐proven steatohepatitis, steatosis, inflammatory infiltrates, and ballooning degeneration with or without Mallory bodies or pericellular/perivenular fibrosis; and (iii) appropriate exclusion of other liver diseases. Patients using statins or fibrates at a dose that did not change in the 3 months prior to the study were eligible for inclusion. The subjects' lifestyle, including diet, excise and habits, did not change during the study. All subjects were informed of the objectives of the research and provided consent prior to participating in the study. The study was approved by the Ethics Committee of Kumamoto University (approval no. 413).

Following screening, subjects were divided into three groups and treated with ezetimibe alone (monotherapy group; *n *=* *53), ezetimibe plus a statin (statin group; *n *=* *11), or ezetimibe plus a fibrate (fibrate group; *n *=* *32). Ezetimibe was administered at a dose of 10 mg/day in all patients. Baseline values of LDL‐C, high‐density lipoprotein--cholesterol (HDL‐C), the LDL/HDL ratio, triglycerides (TG), serum AST, serum ALT, serum γ‐glutamyltransferase (GGT), the AST/ALT ratio, and HbA1c were compared with values after 3 months treatment. Serum lipids and liver function were determined using enzymatic methods; LDL‐C was measured directly using a homogeneous assay (Deteriner LDL‐C; Kyowa Medex, Tokyo, Japan). HbA1c was measured by high‐performance liquid chromatography. In the present study, according to the guidelines of the Japan Diabetes Society (JDS)[^10^](#b10){ref-type="ref"}, the value for HbA1c (%) was estimated as an NGSP equivalent value (%) calculated using the formula HbA1c (%) = HbA1c (JDS) (%) + 0.4%, where HbA1c (NGSP) (%) = 1.019 × HbA1c (JDS) (%) + 0.30. The coefficient of variation for measurements of HbA1c was 2--3%[^10^](#b10){ref-type="ref"}.

To identify predictors of reductions in HbA1c following ezetimibe administration, subjects were divided into groups according to whether HbA1c decreased during the 3‐month study and the clinical parameters at baseline were compared between groups. Pearson's correlation coefficient analysis was used to determine univariate correlations between improvements in HbA1c and individual baseline characteristics.

Statistical Analysis {#ss4}
--------------------

Data are expressed as the mean ± SD. Changes in clinical parameters following ezetimibe treatment were evaluated using paired *t*‐tests. Differences in baseline clinical parameters between subjects with and without a decrease in HbA1c were evaluated using unpaired *t*‐tests. Pearson's product--moment correlation coefficient analysis was used to determine the statistical significance of the regression line. Values of *P *\<* *0.05 were considered significant. Two‐tailed chi‐square tests were used to identify factors associated with the glucose metabolism‐improving effects of ezetimibe and odds ratios (OR) were calculated by cross‐tabulation. Data analyses were performed using SPSS software version 11.5 for Windows (SPSS, Chicago, IL, USA).

Results {#ss5}
=======

The baseline characteristics for all subjects are given in [Table 1](#t1){ref-type="table-wrap"}. Sixty‐two were on oral antidiabetic agents, whereas 12 were receiving insulin therapy. In the present study, 11 subjects were treated with a statin and 32 were treated with a fibrate.

######  Baseline characteristics of the subjects

  ---------------------------------- -------------
  *n* (men/women)                    96 (57/39)
  Age (years)                        61.5 ± 11.4
  BMI (kg/m^2^)                      25.5 ± 4.2
  LDL‐C (mg/dL)                      164 ± 36
  HDL‐C (mg/dL)                      55 ± 14
  LDL/HDL ratio                      3.2 ± 1.1
  TG (mg/dL)                         198 ± 117
  HbA1c (%)                          6.7 ± 1.0
  AST (IU/L)                         25 ± 13
  ALT (IU/L)                         27 ± 19
  AST/ALT ratio                      1.1 ± 0.4
  GGT (IU/L)                         50 ± 53
  Antidiabetic therapy (*n*)         
   Diet only                         28
   Sulfonylurea                      39
   α‐Glucosidase inhibitor           19
   Biguanide                         18
   Thiazolidine                      18
   Glinide                           8
   Insulin                           12
  Antihyperlipidemic therapy (*n*)   
   Pravastatin                       2
   Rosuvastatin                      5
   Atorvastatin                      3
   Pitavastatin                      1
   Bezafibrate                       31
   Fenofibrate                       1
  ---------------------------------- -------------

Data are the mean ± SD or the number of subjects in each group, as indicated. BMI, body massindex; LDL‐C, low‐density lipoprotein--cholesterol; HDL‐C, high‐densitylipoprotein--cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ‐glutamyltransferase.

The clinical parameters of the subjects in the monotherapy, statin, and fibrate groups before and after treatment are given in [Table 2](#t2){ref-type="table-wrap"}. Although HDL‐C did not change significantly, both LDL‐C and the LDL/HDL ratio decreased significantly in each group after 3 months treatment with ezetimibe. Specifically, LDL‐C decreased by 17.8% in the monotherapy group, by 33.3% in the statin group, and by 20.3% in the fibrate group following ezetimibe treatment. There was no significant change in TG in the monotherapy group, but TG levels did decrease significantly in the statin and fibrate groups. Serum AST, ALT, and GGT levels did not increase significantly in any of the groups, and a significant decrease in serum ALT levels was seen in the fibrate group. Although HbA1c decreased in 49% of the entire cohort (*n *=* *47), the decrease was only significant in the fibrate group.

######  Effects of 3 months ezetimibe therapy on clinical parameters

                  Ezetimibe monotherapy (*n *=* *53)   Ezetimibe       Total (*n *=* *96)                                                               
  --------------- ------------------------------------ --------------- -------------------- --------------- ------------- --------------- ------------- ---------------
  Age (years)     61.8 ± 11.7                          --              63.0 ± 12.5          --              60.6 ± 10.8   --              61.5 ± 11.4   --
  BMI (kg/m^2^)   24.9 ± 4.4                           24.8 ± 4.3      26.7 ± 3.3           26.9 ± 3.2      26.1 ± 4.2    26.4 ± 4.3      25.5 ± 4.2    25.5 ± 4.2
  LDL‐C (mg/dL)   157 ± 38                             128 ± 31\*\*    165 ± 43             111 ± 40\*\*    173 ± 27      139 ± 32\*\*    164 ± 36      129 ± 33\*\*
  HDL‐C (mg/dL)   59 ± 15                              57 ± 15         52 ± 11              51 ± 13         50 ± 10       53 ± 11         55 ± 14       55 ± 14
  LDL/HDL ratio   2.9 ± 1.0                            2.4 ± 0.8\*\*   3.3 ± 1.2            2.3 ± 1.0\*\*   3.6 ± 1.1     2.9 ± 0.9\*\*   3.2 ± 1.1     2.5 ± 0.9\*\*
  TG (mg/dL)      148 ± 74                             140 ± 68        213 ± 93             143 ± 101\*     276 ± 140     172 ± 97\*\*    198 ± 117     152 ± 84\*\*
  HbA1c (%)       6.8 ± 0.8                            6.7 ± 0.9       7.2 ± 1.3            7.2 ± 1.4       6.5 ± 1.1     6.4 ± 0.9\*\*   6.7 ± 1.0     6.7 ± 1.0
  AST (IU/L)      23 ± 7.0                             24 ± 9          20 ± 5               20 ± 8          31 ± 20       31 ± 15         25 ± 13       26 ± 12
  ALT (IU/L)      24 ± 18                              26 ± 22         23 ± 10              23 ± 12         33 ± 21       28 ± 16\*       27 ± 19       26 ± 19
  AST/ALT ratio   1.1 ± 0.3                            1.1 ± 0.4       0.99 ± 0.34          0.94 ± 0.26     1.1 ± 0.60    1.2 ± 0.5       1.1 ± 0.4     1.1 ± 0.4
  GGT (IU/L)      37 ± 37                              40 ± 44         67 ± 90              62 ± 96         64 ± 56       56 ± 55         50 ± 53       49 ± 56

Data are the mean ± SD. \**P *\<* *0.05, \*\**P *\<* *0.01 compared with baseline (paired *t*‐test). BMI, body mass index; LDL‐C, low‐density lipoprotein--cholesterol; HDL‐C, high‐density lipoprotein--cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ‐glutamyltransferase.

Therefore, to investigate the characteristics of individuals in whom HbA1c decreased after ezetimibe treatment, the subjects in each group were divided into two subgroups: either responders (i.e. HbA1c decreased after 3 months treatment) or non‐responders (i.e. HbA1c did not decrease after 3 months treatment). We then compared the baseline characteristics between these subgroups. In those patients who responded to ezetimibe treatment, HbA1c decreased from 6.9 ± 0.8 to 6.5 ± 0.7% (*P *\<* *0.001) in the monotherapy group, from 7.1 ± 1.3 to 6.6 ± 0.6% (*P *=* *0.27) in the statin group, and from 6.8 ± 1.1 to 6.5 ± 1.0% (*P *\<* *0.001) in the fibrate group. Comparisons of baseline parameters between the responders and non‐responders within each treatment group are given in [Table 3](#t3){ref-type="table-wrap"}. In the monotherapy group, age and the AST/ALT ratio were significantly lower \<¼ while serum AST and ALT levels were significantly higher, in HbA1c responders than in non‐responders. In the statin group, HDL‐C was significantly lower in HbA1c responders than in non‐responders. In the fibrate group, age and the AST/ALT ratio were significantly lower, whereas HbA1c, ALT, and GGT were significantly higher, in the HbA1c responders than non‐responders.

######  Comparisons of baseline clinical parameters between subjects with (+) or without (−) a decrease in HbA1c following 3 months treatment with ezetimibe

                  Ezetimibe monotherapy (*n *=* *53)   Ezetimibe     Total (*n *=* *96)                                                                                                        
  --------------- ------------------------------------ ------------- -------------------- ------------- ------------- ------ ------------- ------------ ---------- ------------- ------------- ----------
  Age (years)     57.4 ± 12.1                          65.2 ± 10.3   0.009                59.4 ± 12.5   66.0 ± 12.8   0.21   56.1 ± 10.0   67.2 ± 8.4   0.001      57.1 ± 11.1   65.8 ± 10.0   \< 0.001
  BMI (kg/m^2^)   25.1 ± 5.0                           24.8 ± 4.0    0.39                 28.1 ± 1.2    25.5 ± 4.1    0.10   26.3 ± 4.6    26.0 ± 3.8   0.41       25.9 ± 4.6    25.2 ± 3.9    0.20
  LDL‐C (mg/dL)   162 ± 26                             157 ± 45      0.22                 158 ± 48      170 ± 41      0.32   170 ± 27      179 ± 26     0.19       165 ± 29      162 ± 41      0.37
  HDL‐C (mg/dL)   58 ± 13                              59 ± 17       0.40                 44 ± 6        58 ± 10       0.01   51 ± 10       50 ± 9       0.37       54 ± 12       56 ± 15       0.17
  LDL/HDL ratio   2.9 ± 0.8                            2.8 ± 1.2     0.38                 3.7 ± 1.3     3.0 ± 1.1     0.19   3.6 ± 1.2     3.8 ± 1.1    0.32       3.2 ± 1.0     3.1 ± 1.2     0.28
  TG (mg/dL)      166 ± 77                             135 ± 70      0.07                 232 ± 100     198 ± 93      0.28   253 ± 129     309 ± 154    0.14       208 ± 110     189 ± 125     0.21
  HbA1c (%)       6.9 ± 0.8                            6.6 ± 0.9     0.17                 7.1 ± 1.3     7.2 ± 1.3     0.44   6.8 ± 1.1     6.0 ± 0.8    0.01       6.9 ± 1.0     6.6 ± 1.0     0.049
  AST (IU/L)      25 ± 8                               21 ± 5        0.02                 19 ± 5        20 ± 6        0.39   29 ± 10       34 ± 29      0.25       26 ± 9        24 ± 16       0.28
  ALT (IU/L)      32 ± 25                              19 ± 7        0.004                24 ± 12       22 ± 10       0.42   39 ± 20       25 ± 21      0.03       34 ± 22       21 ± 13       \< 0.001
  AST/ALT ratio   1.0 ± 0.4                            1.2 ± 0.3     0.003                1.0 ± 0.4     1.0 ± 0.3     0.44   0.8 ± 0.2     1.6 ± 0.7    \< 0.001   0.9 ± 0.3     1.3 ± 0.5     \< 0.001
  GGT (IU/L)      46 ± 53                              30 ± 15       0.07                 48 ± 30       86 ± 128      0.27   79 ± 64       44 ± 33      0.04       60 ± 57       40 ± 47       0.04

Data are the mean ± SD. BMI, body mass index; LDL‐C, low‐density lipoprotein--cholesterol; HDL‐C, high‐density lipoprotein--cholesterol; TG, triglycerides; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, γ‐glutamyltransferase.

Simple linear regression analyses including all individuals showed that baseline ALT was significantly correlated with the percentage change in HbA1c, calculated as (post‐treatment value -- baseline value) × 100/baseline value (*r *= --0.329; *P *=* *0.001; [Figure 1a](#f1){ref-type="fig"}), as was the AST/ALT ratio (*r *=* *0.306, *P *=* *0.003; [Figure 1b](#f1){ref-type="fig"}). A significant correlation was also noted between the percentage change in serum ALT levels and percentage change in HbA1c (*r *=* *0.307; *P *=* *0.002; [Figure 1c](#f1){ref-type="fig"}), as well as between the percentage change in the AST/ALT ratio and the percentage change in HbA1c (*r *= --0.221; *P *=* *0.03; [Figure 1d](#f1){ref-type="fig"}). [Table 4](#t4){ref-type="table-wrap"} lists the correlations between other parameters and the percentage change in HbA1c, as determined by linear regression analysis. The percentage change in HbA1c was significantly correlated with age.

![ Correlations between the percentage change in HbA1c and (a) serum alanine aminotransferase (ALT) at baseline, (b) the aspartate aminotransferase (AST)/ALT ratio at baseline, (c) percentage changes in serum ALT and (d) percentage changes in the AST/ALT ratio.](jdi-3-179-g1){#f1}

######  Correlations between baseline clinical characteristics and percentage changes in HbA1c

  * *             *r*       *P*‐value
  --------------- --------- -----------
  Age             0.2877    0.005
  BMI             −0.1422   0.18
  LDL‐C           0.0448    0.66
  ΔLDL‐C (%)      0.0448    0.66
  HDL‐C           0.1211    0.24
  LDL/HDL ratio   −0.0171   0.87
  TG              −0.0373   0.72
  HbA1c           −0.1968   0.06
  AST             −0.1225   0.23
  GGT             −0.1991   0.06

Correlations were determined using Pearson's product--moment correlation analysis. BMI, body mass index; LDL‐C, low‐density lipoprotein--cholesterol; HDL‐C, high‐density lipoprotein--cholesterol; TG, triglycerides; AST, aspartate aminotransferase; GGT, γ‐glutamyltransferase.

When the subjects were divided into groups on the basis of serum ALT levels (i.e. ≥35 and \<35 IU/L, a criterion proposed for the screening of fatty liver disease in Japanese subjects[^11^](#b11){ref-type="ref"}), HbA1c decreased in 75.0% of individuals with serum ALT levels ≥35 IU/L ([Figure 2a](#f2){ref-type="fig"}). Similarly, when the subjects were divided on the basis of the AST/ALT ratio (i.e. ≥1 and \<1)[^12--15^](#b12 b13 b14 b15){ref-type="ref"}, HbA1c decreased in 75.0% of those with an AST/ALT ratio \<1 ([Figure 2b](#f2){ref-type="fig"}).

![ Distribution of subjects stratified according changes in HbA1c and (a) serum alanine aminotransferase (ALT) at baseline or (b) the aspartate aminotransferase (AST)/ALT ratio at baseline.](jdi-3-179-g2){#f2}

To identify factors associated with reductions in HbA1c following ezetimibe treatment, we applied two‐tailed chi‐square tests to each parameter and calculated OR by cross‐tabulation. Serum ALT ≥35 IU/L (OR 4.125; 95% confidence interval \[CI\] 1.36--12.51; *P *=* *0.02; sensitivity 0.319; specificity 0.898) and an AST/ALT ratio \<1 (OR 8.320; 95% CI 3.29--21.02; *P *\<* *0.001; sensitivity 0.681, specificity 0.796) were significantly associated reductions in HbA1c following 3 months ezetimibe treatment.

Discussion {#ss6}
==========

In the present study, ezetimibe treatment improved HbA1c in patients with type 2 diabetes and liver dysfunction, in addition to improving lipid profiles. These findings suggest that improvements in lipid profiles could reduce insulin resistance, and possibly other risk factors, for diabetes. These findings are supported by several other studies[^16--18^](#b16 b17 b18){ref-type="ref"}.

On the basis of our results, markers of liver function and age differed significantly between HbA1c responders and non‐responders in the monotherapy and fibrate groups, but not in the statin group (which was comprised of a smaller number of subjects than the other two groups). We also found that decreases in HbA1c were significantly correlated with serum ALT, the AST/ALT ratio, and age in the entire cohort. Subjects with ALT levels ≥35 IU/L and those with an AST/ALT ratio \<1 experienced significant reductions in HbA1c from 6.5 ± 1.0 to 6.3 ± 0.8% (*P *=* *0.001) and from 6.9 ± 1.0 to 6.6 ± 1.0% (*P *\<* *0.001), respectively. These findings suggest that improvements in hepatic insulin sensitivity as a result of suppressed hepatic fat accumulation may underlie the improvements in HbA1c conferred by ezetimibe. This improvement may occur more readily in subjects with hepatic insulin resistance induced by non‐alcoholic fatty liver disease. According to a previous study[^11^](#b11){ref-type="ref"}, when subjects were analyzed according to age, the prevalence of fatty liver among 23,148 Japanese men was almost unchanged in those aged between 30 and 60 years. Conversely, in 12,371 Japanese women, the prevalence of fatty liver increased with age. However, some authors have reported that fatty liver is more common in younger than older individuals[^19,20^](#b19 b20){ref-type="ref"}. Thus, the association between age and the prevalence of fatty liver is contentious. Moreover, no studies have investigated the correlation between age and the prevalence of fatty liver in subjects with type 2 diabetes. It is possible that the prevalence of fatty liver in younger individuals was higher than in older individuals in the present study. Although it was difficult to obtain reliable data regarding the duration of diabetes in these patients, it may be possible that the duration of diabetes and diet therapy was shorter in younger individuals than in older individuals. Future trials should investigate relationships between the prevalence of liver disease, the age of diabetic patients, and the duration of diabetes and diet therapy. Although it has been reported that the incidence of steatosis generally increases with increases in body mass index (BMI)[^11^](#b11){ref-type="ref"}, the present study found no correlation between BMI and decreases in HbA1c. This may have been because only 12.5% of the subjects in the present study had a BMI ≥30 kg/m^2^, a level above which 80% of Japanese individuals have liver steatosis[^11^](#b11){ref-type="ref"}.

In the present study, HbA1c decreased significantly after 3 months treatment in the fibrate group, but not in the other two groups, and 31 of the 32 subjects in the fibrate group were being treated with bezafibrate. Because bezafibrate is a non‐specific agonist of peroxisome proliferator‐activated receptor (PPAR) α and actually activates all three PPAR subtypes (i.e. α, γ, and δ), bezafibrate may directly improve insulin sensitivity[^21^](#b21){ref-type="ref"} and alleviate liver steatosis[^22^](#b22){ref-type="ref"}. Therefore, combination therapy with ezetimibe and bezafibrate may confer greater improvements in glucose metabolism.

Certain limitations of the present study warrant consideration. First, because we did not measure markers of insulin sensitivity directly (e.g. using glucose clamp or the homeostasis model assessment of insulin resistance \[HOMA‐IR\]) or free fatty acids (FFAs) in the present study, we cannot provide direct evidence that ezetimibe improves insulin sensitivity or FFA profiles. However, it is not possible to routinely perform the glucose clamp in clinical practice. In addition, HOMA‐IR may not be a reliable method for determining insulin resistance in diabetic patients treated with antidiabetic agents, particularly in those treated with insulin. Second, we did not perform ultrasound echography, computed tomography, or liver biopsy to evaluate the progression of liver steatosis. However, because 43.8% of subjects (*n *=* *42) in the present study had an AST/ALT ratio \<1, it is likely that most had liver steatosis.

In conclusion, some of the subjects in the present study experienced improvements in HbA1c following 3 months treatment with ezetimibe. Serum ALT levels and the AST/ALT ratio were both predictive factors of the glucose metabolism response to ezetimibe, which appeared to reflect improvements in hepatic insulin sensitivity conferred by ezetimibe. Therefore, ezetimibe may not only improve lipid metabolism, but also liver steatosis and glucose metabolism in type 2 diabetic patients with steatosis, as indicated by serum ALT levels ≥35 IU/L or an AST/ALT ratio \<1.
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